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Objective: The susceptibilities to  penicillin, tetracycline, erythromycin, gentamicin, vancomycin and teicoplanin of 58 
strains of Corynebacterium jeikeium were assessed by disk diffusion and agar dilution reference methods. 
Methods: Zone sizes and minimal inhibitory concentrations (MIC) by agar dilution were interpreted using the ranges 
in the NCCLS tables for organisms other than Haemophilus, Neisseria gonorrhoeae, and Streptococcus pneumoniae. 
Results: By agar dilution, 14%, 88%, 17% and 26% of the 58 isolates were susceptible to  penicillin, tetracycline, 
erythromycin, and gentamicin, respectively. Using the breakpoints for Listeria monocytogenes, all strains showed 
concordant results for penicillin by disk diffusion. Discrepancies in  the interpretative categories by disk diffusion were 
found in four cases (two very major and two minor) for tetracycline, in  nine (two very major, two major, and five minor) 
for erythromycin, and in 1 case (very major) for gentamicin. All 58 strains were susceptible to  vancornycin and 
teicoplanin by agar dilution and disk diffusion. The overall agreement of interpretative disk diffusion for all six antibiotics 
was 95.9%. In addition, all strains were susceptible to both glycopeptides by E-test. However, for vancomycin the MIC 
results in 58.6% were two log2 dilutions and in 1.7% more than two log2 dilutions higher by E-test than by agar dilution, 
whereas for teicoplanin agreement within one log2 dilution was 100%. 
Conclusions: Further evaluation of methodologies of disk diffusion is required to  obtain a better agreement for 
erythromycin and tetracycline. The criteria of the NCCLS for interpretation of disk diffusion are adequate for susceptibility 
testing of C. jeikeium to penicillin, gentamicin, vancomycin and teicoplanin. 
Key words: C. jeikeium, susceptibility testing, agar dilution, disk diffusion, E-test 
INTRODUCTION 
Corynebacterium jeikeium has been well described as a 
pathogen causing wound infections, sepsis, prosthetic 
valve endocarditis, and other infections, particularly in 
the immunocompromised host [l]. It is the most 
common corynebacterium isolated in the clinical 
laboratory [2] and is mainly found in wounds, blood 
and indwelling medical devices [ 3 ] .  The isolates are 
usually multiply resistant to antibiotics, although some 
of them have been shown to be susceptible to beta- 
lactam antibiotics and gentamicin [4]. Antimicrobial 
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susceptibilities cannot be used as a criterion for the 
identification of C. jeikeium since other lipophilic 
coryneform bacteria such as C. urealyticum and CDC 
group G are similarly resistant [l]. 
At present, the agar dilution or broth microdilution 
tests are the standard methods for susceptibility testing 
of coryneform bacteria. Recently, the E-test was 
evaluated for the determination of minimal inhibitory 
concentrations (MIC) for corynebacteria [5,6]. 
Susceptibility testing by disk diffusion is well accepted 
for Gram-negative rods and Gram-positive cocci but 
has not been systematically evaluated by the NCCLS 
for corynebacteria [7]. The present study compares the 
disk diffusion and agar dilution methods for six 
antibiotics, using the NCCLS recommended break- 
points for Gram-negative rods and Gram-positive cocci 
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other than hemophili and pneumococci. For vanco- 
mycin and teicoplanin, MICs by the agar dilution 
reference method are compared with the E-test as well. 
MATERIALS AND METHODS 
Identification of bacterial strains 
Fifty-eight isolates of C. jeQeium were collected in our 
laboratory from 1990 to 1994 from human clinical 
specimens. Cystine Trypticase agar (CTA) medium 
(Becton Diclunson Microbiology Systems, Cockeysville, 
MD) containing 1% of carbohydrate was supplemented 
with 5% rabbit serum. Nitrate reduction was tested in 
nitrate broth (Difco, Detroit, Mich.). Hydrolysis of 
escdn and urea was tested on mannitol-esculin agar 
slants and in Christensen urea broth (both Difco). 
C. jeikeium was differentiated from other lipophilic 
coryneforms by its inability to reduce nitrate to nitrite 
or to hydrolyze urea and esculin, and by the production 
of acid f h m  glucose, but not from sucrose and fructose. 
All strains exhibited brown pigmented colonies on 1% 
Tween-80-supplemented Columbia agar with 5% 
sheep blood and did not grow under anaerobic 
conditions [4]. For susceptibility testing, subcultures 
were grown on Columbia agar with 5% sheep blood in 
5% COz overnight and an inoculum corresponding to 
the turbidity of a McFarland 0.5 standard was prepared. 
Agar dilution antimicrobial susceptibility testing 
The MICs of six antimicrobial agents used in the 
treatment of infections by Gram-positive rods were 
determined by the agar dilution procedure on 
Mueller-Hinton agar (Becton Dickinson) supple- 
mented with 5% sheep blood (MHAB). The 0.5 
McFarland suspension in phosphate-buffered sahe  was 
diluted 1/10 to obtain the desired inoculum of lo7 
CFU/mL. A multipoint inoculator was used to deliver 
lo4 colony-forming units (CFU) to each test plate and 
to control plates without antibiotics. Cultures were 
incubated at 37 O C  for 48 h in an aerobic atmosphere. 
MIC values ( p g / d )  of 1 2  for penicillin, of 1 4  
for tetracycline, of 10.5 for erythromycin, of 1 4  for 
gentamicin, of 1 8  for teicoplanin and of 1 4  for 
vancomycin, respectively, were interpreted as susceptible 
following the guidelines of NCCLS [8]. 
E-test susceptibility testing 
MICs for teicoplanin and vancomycin were deter- 
mined by the E-test (AB Biodisk, Solna, Sweden) 
procedure on MHAB. The plates were swabbed with 
an inoculum matching a turbidity of 0.5 McFarland 
standard. We incubated the plates at  37°C for 48 h in 
an aerobic atmosphere. As the E-test scale has values in 
between the NCCLS standard dilutions, the next 
higher value was used for comparison with the agar 
dilution. Results were interpreted as above. 
Disk diffusion antimicrobial susceptibility testing 
MHAB plates were swabbed with the 0.5 McFarland 
suspension. The following disks were placed on the 
surface of a 90-mm-diameter agar plate: penicdhn 10 
IU, tetracycline 30 pg, erythromycin 15 pg, gentamicin 
10 pg, vancomycin 30 pg, and teicoplanin 30 pg 
(Becton Dickinson). Inhibition zone diameters were 
read after 48 h of incubation at 37°C under aerobic 
conditions. All strains of C. jeikeium showed excellent 
growth after 48 h of incubation. Disk difision results 
were interpreted according to the NCCLS guidelines 
for Gram-positive cocci and Gram-negative rods other 
than pneumococci and hemophh [7]. Zone diameters 
(mm) of 2 20 for penicillin, 2 19 for tetracycline, 2 23 
for erythromycin, 215 for gentamicin, 214 for 
teicoplanin, and 2 12 for vancomycin, respectively, 
were interpreted as susceptible. For penicillin, break- 
points for Listeria monocytogenes were used. Very major 
discrepancies were recorded in cases of disk diffusion 
susceptibility and agar dilution resistance, and major 
discrepancies in cases of disk diffusion resistance and 
agar dilution susceptibility. All other discrepancies were 
regarded as minor. 
RESULTS 
The distribution of the MICs by agar dilution of the 
six antibiotics for the 58 strains of C. jeikeium is shown 
in Table 1. Susceptibility to penicillin, tetracycline, 
erythromycin and gentamicin was found in 9 (14%), 51 
(88%), 10 (17%) and 14 (26%) strains, respectively. The 
MICs (pg/mL) ranged f b m  0.03 to >128 for penicillin, 
erythromycin and gentamicin, and fiom 0.12 to >128 
for tetracycline. All 58 isolates were susceptible to 
vancomycin and teicoplanin, with MICs ranging fbm 
0.06 to 0.5 and from 0.06 to 1 .O, respectively. In the E- 
test, MICs for vancomycin were slightly higher (0.19 
to l .O) ,  and those for teicoplanin were similar to values 
obtained with the agar ddution test (0.04 to 0.75). The 
quantitative agreement (+1 log2 dilution step) for E- 
test versus reference agar dilution results was only 
39.7% for vancomycin, in contrast to 100% for 
teicoplanin (Table 2). Nevertheless, the interpretative 
agreement was 100% for clearly susceptible MICs. 
Discrepancies between interpretative categories 
determined by agar dilution and disk diffusion are 
presented in Table 3. For the 340 combinations of 
microorganisms and antimicrobial agents, 14 (4.1%) 
disagreements in interpretative categories were found 
seven (2%) minor, two (0.6%) major and five (1.4%) 
very major. The highest number of discrepancies was 
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Table 1 MICs by agar dilution of 58 strains of Corynebacteriurn jeikeium 
Antibiotic 0.03 0.06 0.12 0.25 0.5 1 2 4 8 16 32 64 128 >128 MICi,, MICCI,, 
Penicillin 1 0  2 1 2 2  I 3 4  0 1 1  7 33 2128 >128 
Tetracycline 0 0 2 18 15 5 10 1 1 0 3 1 0 2 0.5 8 
Erythromycin 9 0 1 0  0 1 1  4 8 3 3 0 1 27 32 2128 
Gentamicin 2 5 4 1 2 0 0 0 0 1 0 0  7 36 >128 >128 
Vancomycin 0 1 4 3 6 1 7 0  0 0 0 0 0 0  0 0  0.25 0.5 
Teicoplanin 0 2 1 7 3 1 1 7  0 0 0 0 0 0 0 0  0.5 1 .o 
found for erythromycin: two (3.4%) very major, two 
(3.4%) major and five (8.5%) minor. For penicillin, 
erythromycin and gentamicin, the majority of strains 
(48/58, 41/58 and 43/58, respectively) had no 
inhibition zones, whereas for tetracycline all strains 
showed zones of greater than 11 mm. For teicoplanin 
and vancomycin, all strains had clearly susceptible 
zones. 
DISCUSSION 
Our 58 isolates of C. jeikeium were, in line with earlier 
reports [1,9,10], mostly resistant to penicillin, erythro- 
mycin and gentamicin, but mostly susceptible to 
tetracycline. C. jeikeium is usually identified on the basis 
of negative tests for urease and nitrate reductase and 
acidification of glucose but not of sucrose. Multiple 
resistance should not be used as an identification 
criterion [l]. It may be necessary to perform additional 
tests such as fructose fermentation (negative) and 
aerobic growth (positive) [ l l ]  for the correct identi- 
fication of lipophilic coryneforms. C. jeikeium strains 
exhibit a genomic diversity at the species level. Strains 
moderately susceptible to penicillin with levels of DNA 
binding to the type strain of under 50% have 
nevertheless been placed in the same taxon on the 
basis of their common properties [4]. Riley et al. 
found susceptible strains with MICs for penicihn of 
<1 pg/mL, but strains acidifying fructose were not 
Table 2 E-test results compared with agar dilution results 
for teicoplanin and vancomycin against 58 strains of 
C. jeikeiunt 
E-test 'MMIC variations in log2 dilution\ 
_ _ _ _ _ ~  
Glycopeptide >-2 -2 -1 Same 1 2 >+2 
Vancomycin 0 0 0 l h  22h 34 1 
Teicoplanin 0 0 20' 28' 10' 0 0 
A For comparison of E-test values in between the standard dilution 
steps of agar dilution the next higher dilutions were used. 
hQuantitative accuracy (21 log2 dilution) = 39.7%. 
'Quantitative accuracy ( t l  log2 dilution) = 100%~. 
excluded [12]. We also found six fully penicillin- 
susceptible (MIC 50.5) and three moderately 
susceptible (MIC 0.5 to 2) fructose-negative, strictly 
aerobic strains of C. jeikeium; eight of them were also 
susceptible to gentamicin and five to erythromycin. 
The separation of those susceptible strains from the 
species of C. jeikeium by further characterization would 
be helpful, because physicians who are aware of the 
multiresistance of typical C. jeikeium use glycopeptides 
as the therapy of choice if C. jeikeium is reported. Use 
of glycopeptides should be restricted to avoid selection 
of resistant bacteria, particulary enterococci; therefore, 
Table 3 Qualitative interpretative accuracy of disk test 
results compared with the reference agar dilution method 
Reference test interpretanon (No. results) 
Disk interpretation Susceptible Intermediate Resistant 
Penicillin 
Susceptible 
Intermediate 
Resistant 
Tetracycline 
Susceptible 
Intermediate 
Resistant 
Erythromycin 
Susceptible 
Intermediate 
Resistant 
Gentamicin 
Susceptible 
Intermediate 
Resistant 
Vancomycin 
Susceptible 
Intermediate 
Resistant 
Teicoplanin 
Susceptible 
Intermediate 
Resistant 
9 
0 
0 
51 
0 
0 
6 
2 
2 
14 
0 
0 
58 
0 
0 
58 
0 
0 
0 
0 
0 
1 
0 
0 
0 
5 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
49 
2 
I 
3 
2 
2 
38 
1 
0 
43 
0 
0 
0 
0 
0 
0 
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susceptibility testing of relevant isolates of C. jeikeium 
should be performed to detect penicillin- and genta- 
micin-susceptible strains. A combination of penicillin 
and gentamicin was suggested as an effective anti- 
microbial regimen in patients with endocarditis caused 
by such susceptible strains [13]. 
Methods other than agar dilution or broth dilution 
are needed to find such susceptible strains more easily 
in routine laboratories. We found excellent qualitative 
agreement of E-test results with agar dilution for 
vancomycin and teicoplanin. However, the percentage 
of isolates with E-test MICs for vancomycin within one 
log2 dilution step of MICs by agar dilution was 39.7%. 
Zapardiel et al. [5] reported quantitative MIC agree- 
ments within one log2 dilution step ofE-test versus agar 
dilution in 77%, and Martinez-Martinez et al. [6] in 
31% of E-test versus microdilution for coryneforms. 
However, all strains were still clearly susceptible to 
vancomycin, in line with earlier reports [6,10]. For 
teicoplanin, we found qualitative and quantitative 
agreement in 100%. The E-test was found to be an 
appropriate method to determine MICs €or vanco- 
mycin and teicoplanin for C. jeikeium. 
Disk diffusion showed total agreement with agar 
dilution for vancomycin and teicoplanin, with clearly 
susceptible zone diameters. The agreement was also 
100% for penicillin disk results if the breakpoints for 
Listeria monocytogenes in the NCCLS guidelines were 
adopted. The overall agreement of interpretative results 
for all s i x  antibiotics was 95.9%. Thus, the criteria in 
the NCCLS disk difhion method are adequate for 
susceptibility testing of C. jeikeium to penicillin, genta- 
micin, vancomycin and teicoplanin. With tetracycline 
and erythromycin, discrepancies were more fi-equent. 
A recent comparison of antimicrobial susceptibilities of 
27 C. jeikeium strains by broth microdilution and &sk 
dihsion revealed a good correlation for penicillin, 
vancomycin and erythromycin [14]. We used Mueller- 
Hinton agar supplemented with 5% sheep blood as 
recommended by the NCCLS for fastidious micro- 
organisms [7] for the agar dilution, E- and disk 
&ffusion tests. However, plates were incubated for 48 
h at 37°C because growth was more easily detected 
than after 24 h, and results were interpreted after 48 h 
as suggested earlier by Zapardiel et al. [5]. Other 
investigations of the E-test and disk diffusion for 
coryneforms used Tween-supplemented MHAB plates 
to make zones interpretable after incubation at 37°C 
overnight [6,15]. The impact of medium and &sk 
type on disk diffusion susceptibility testing against 
teicoplanin and vancomycin has been extensively 
evaluated €or Gram-positive bacteria [16,17]. However, 
for disk diffusion testing of other antibiotics used against 
coryneform bacteria, supplementation of Mueller- 
Hinton agar, incubation temperature and incubation 
time need further evaluation and greater standardiza- 
tion. 
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